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EINSTEIN'S THEORY OF RELATIVITY CONSID 
ERED FROM THE EPISTEMOLOGICAL 

STANDPOINT 

I 

Concepts of Measure and Concepts of Things 

""HE use, which we can make in philosophy, of mathe 
JL matics," Kant wrote in the year 1763 in the Preface of 

his Attempt to introduce the Concept of Negative Magni 
tudes into Philosophy, "consists either in the imitation of its 

methods or in the real application of its propositions to the 

objects of philosophy. It is not evident that the first has to 
date been of much use, however much advantage was 

originally promised from it. The second use, on the con 

trary, has been so much the more advantageous for the 

parts of philosophy concerned, which, by the fact that they 
applied the doctrines of mathematics for their purposes, 
have raised themselves to a height to which otherwise they 
could make no claim. These, however, are only doctrines 

belonging to the theory of nature. ... As far as meta 

physics is concerned, this science, instead of utilizing a few 
of the concepts or doctrines of mathematics, has rather 
often armed itself against them and, where it might per 
haps have borrowed a sure foundation for its considera 
tions, we see it concerned with making out of the concepts 
of the mathematician nothing but fine imaginings, which 

beyond his field have little truth in them. One can easily 
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decide where the advantage will fall in the conflict of two 

sciences, of which the one surpasses all others in certainty 

and clarity, the other of which, however, is only striving 
to attain certainty and clarity. Metaphysics seeks, e. g., 

to discover the nature of space and the supreme ground 
from which its possibility can be understood. Now noth 

ing can be more helpful for this than if one can borrow 

from somewrhere sufficiently proved data to take as a basis 

for one's consideration. Geometry offers several data, 

which concern the most general properties of space, e. g.y 

that space does not consist of simple parts; but these are 

passed by and one sets his trust merely on the ambiguous 
consciousness of the concept, which is conceived in a wholly 
abstract fashion. . . . The mathematical consideration of 

motion in connection with knowledge of space furnishes 

many data to guide the metaphysical speculations of 
the times in the track of truth. The celebrated Euler, 

among others, has given some opportunity for this, but 
it seems more comfortable to remain with obscure abstrac 

tions, which are hard to test, than to enter into connec 

tion with a science which possesses only intelligible and 
obvious insights." 

The essay of Euler, to which Kant here refers the meta 

physician, is the former's R?flexions sur l'espace et le 

temps, which appeared in the year 1748 among the pro 
ductions of the Berlin Academy of Science. This essay 
sets up in fact not only a program for the construction 
of mechanics but a general program for the epistemology 
of the natural sciences. It seeks to define the concept of 
truth of mathematical physics and contrasts it with the 

concept of truth of the metaphysician. Materially, how 

ever, the considerations of Euler rest entirely on the foun 
dations on which Newton had erected the classical system 
of mechanics. Newton's concepts of absolute space and 
absolute time are here to be revealed not only as the neces 
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sary fundamental concepts of mathematico-physical knowl 

edge of nature, but as true physical realities. To deny 
these realities on philosophical, on general epistemologi 
ca! grounds means, as Euler explains, to deprive the fun 

damental laws of dynamics?above all the law of inertia? 
of any real physical significance. In such an alternative, 
however, the outcome cannot be questioned: the philoso 

pher must withdraw his suspicions concerning the "pos 
sibility" of an absolute space and an absolute time as soon 
as the reality of both can be shown to be an immediate 
consequence of the validity of the fundamental laws of 

motion. What these laws demand, also "is"?and it is, 
it exists in the highest sense and highest degree of objectiv 
ity, which is attainable for our knowledge. For before 
the reality of nature as it is represented in motion and 
its empirical laws all logical doubt must be silent; it is 
the business of thought to accept the existence of motion 
and its fundamental rules instead of attempting to pre 
scribe to nature itself from abstract considerations con 

cerning what can or cannot be conceived. 

This demand, however, illuminating as it appears and 
fruitful as the methodic stimulus of Euler proved in the 
development of the Kantian problem,1 becomes problem 
atical when considered from the standpoint of modern 

physics and epistemology. Kant believed that he pos 
sessed in Newton's fundamental work, in the Philosophiae 

Naturalis Principia Mathematica, a fixed code of physical 
"truth" and believed that he could definitively ground phil 
osophical knowledge on the "factum" of mathematical 
natural science as he here found it ; but the relation between 

philosophy and exact science has since changed fundamen 

tally. Ever more clearly, ever more compellingly do we 
realize today that the Archimedean point on which he sup 
ported himself and from which he undertook to raise the 

1 For more detail concerning Euler and Kant's relation to him, cf.t 
Erkenntnisproblem (7), II, 472ff., 698, 703f. 
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whole system of knowledge, as if by a lever, no longer 
offers an unconditionally fixed foothold. The factum of 

geometry has lost its unambiguous definiteness ; instead of 
the one geometry of Euclid, we find ourselves facing a 

plurality of equally justified geometrical systems, which 
all claim for themselves the same intellectual necessity, 
and which, as the example of the general theory of rela 

tivity seems to show, can rival the system of classical 

geometry in their applications, in their fruitfulness for 

physics. And the system of classical mechanics has under 

gone an even greater transformation, since in modern 

physics the "mechanical" view of the world has been more 
and more superseded and replaced by the electro-dynamic 
view. The laws, which Newton and Euler regarded as 

the wholly assured and impregnable possession of physical 
knowledge, those laws in which they believed to be defined 
the concept of the corporeal world, of matter and motion, 
in short, of nature itself, appear to us today to be only 
abstractions by which, at most, we can master a certain 

region, a definitely limited part of being, and describe it 

theoretically in a first approximation. And if we turn to 

contemporary physics with the old philosophical question 
as to the "essence" of space and time, we receive from it 

precisely the opposite answer to that which Euler gave 
the question a hundred and fifty years ago. Newton's 

concepts of absolute space and absolute time may still 
count many adherents among the "philosophers," but they 
seem definitively removed from the methodic and empirical 
foundations of physics. The general theory of relativity 
seems herein to be only the ultimate consequence of an in 
tellectual movement, which receives its decisive motives 

equally from epistemological and physical considerations. 
The working together of the two points of view has 

always come to light with special distinctness at the 
decisive turning points in the evolution of theoretical 
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physics. A glance at the history of physics shows that 

precisely its most weighty and fundamental achievements 
stand in closest connection with considerations of a gen 
eral epistemological nature. Galilei's Dialogues on the 

Two Systems of the World are filled with such considera 
tions and his Aristotelian opponents could urge against 
Galilei that he had devoted more years to the study of 

philosophy than months to the study of physics. Kepler 
lays the foundation for his work on the movement of Mars 
and for his chief work on the harmony of the world in 
his Apology for Tycho, in which he gives a complete 
methodological account of hypotheses and their various 
fundamental forms ; an account by which he really created 
the modern concept of physical theory and gave it a definite 
concrete content. Ne\vton also, in the midst of his con 

siderations on the structure of the world, comes back to 
the most general norms of physical knowledge, to the 
regulae philosophandi. In more recent times, Helmholtz 
introduces his work, Uber der Erhaltung der Kraft 
(1847), with a consideration of the causal principle as the 
universal presupposition of all "comprehensibility oi 
nature," and Heinrich Hertz expressly asserts in the 
preface of his Prinzipien der Mechanik (1894), that what 
is new in the work and what alone he values is 'the order 
and arrangement of the whole, thus the logical, or, if one 

will, the philosophical side of the subject."2 But all these 
great historical examples of the real inner connection be 
tween epistemological problems and physical problems are 
almost outdone by the way in which this connection has 
been verified in the foundation of the theory of relativity. 
Einstein himself?especially in the transition from the spe 
cial to the general theory of relativity?appeals primarily 
to an epistemological motive, to which he grants, along 
with the purely empirical and physical grounds, a decisive 

2 Cf. Helmholtz (29, p. 4) ; H. Hertz (31, p. XXVII). 



94 THE MONIST. 

significance.3 And even the special theory of relativity is 

such that its advantage over other explanations, such as 

Lorentz's hypothesis of contraction, is based not so much 
on its empirical material as on its pure logical form, not 
so much on its physical as on its general systematic value.4 

In this connection the comparison holds, which Planck has 
drawn between the theory of relativity and the Coperni 
can cosmological reform. The Copernican view could 

point, when it appeared, to no single new "fact" by which 
it was absolutely demanded to the exclusion of all earlier 
astronomical explanations, but its value and real cogency 

lay in the fundamental and systematic clarity, which it 

spread over the whole of the knowledge of nature. In the 
same way, the theory of relativity, taking its start in a 
criticism of the concept of time, extends into the field of 

epistomological problems not merely in its applications 
and consequences but even in its first beginnings. That 
the sciences, in particular, mathematics and the exact nat 

ural sciences, furnish the criticism of knowledge with its 

essential material is scarcely questioned after Kant; but 

here this material is offered to philosophy in a form, which, 
even of itself, involves a certain epistemological interpreta 
tion and treatment. 

Thus, the theory of relativity, as opposed to the classi 
cal system of mechanics, offers a new scientific problem 

by which the critical philosophy must be tested anew. If 
Kant?as Hermann Cohen's works on Kant urged repeat 

edly and proved from all angles?intended to be the philo 
sophical systematizer of the Newtonian natural science, is 
not his doctrine necessarily entangled in the fate of the 
Newtonian physics, and must not all changes in the latter 
react directly on the form of the fundamental doctrines of 
the critical philosophy? Or do the doctrines of the Trans 
cendental Aesthetic offer a foundation, which is broad 

3 
Cf. Einstein (17, p. 8). 

4 See below, Sect., IL 
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enough and strong enough to bear, along with the struc 
ture of the Newtonian mechanics, also that of modern 

physics? The future development of the criticism of 

knowledge will depend on the answer to these questions. 
If it is shown that the modern physical views of space 
and time lead in the end as far beyond Kant as they do 

beyond Newton, then the time would have come when, on 
the basis of Kant's presuppositions, we would have to 
advance beyond Kant. For the purpose of the Critique of 
Pure Reason was not to ground philosophical knowledge 
once for all in a fixed dogmatic system of concepts, but 
to open up for it the "continuous development of a science" 
in which there can be only relative, not absolute, stopping 
points. 

Epistemology, however, closely as its own fate is con 
nected with the progress of exact science, must face the 

problems which are presented to it by the latter, with com 

plete methodic independence. It stands to physics in pre 
cisely the relation, in which, according to the Kantian 

account, the "understanding" stands to experience and 

nature: it must approach nature "in order to be taught 

by it: but not in the character of a pupil, who agrees to 

everything the master likes, but as an appointed judge, 
who compels the witnesses to answer the questions which 

he himself proposes." Each answer, which physics imparts 
concerning the character and the peculiar nature of its fun 

damental concepts, assumes inevitably for epistemology the 

form of a question. When, for example, Einstein gives 
as the essential result of his theory that by it "the last 
remainder of physical objectivity" is taken from space and 
time (17, p. 13), this answer of the physicist contains for 
the epistemologist the precise formulation of his real prob 
lem. What are we to understand by the physical objec 
tivity, which is here denied to the concepts of space and 
time? To the physicist physical objectivity may appear as 



THE MONIST. 

a fixed and sure starting-point and as an entirely definite 
standard of comparison; epistemology must ask that its 

meaning, that what is to be expressed by it, be exactly 
defined. For epistemological reflection leads us every 

where to the insight that what the various sciences call 
the "object" is nothing given in itself, fixed once for all, 
but that it is first determined by some standpoint of knowl 

edge. According to the changes of this ideal standpoint, 
there arise for thought various classes and various sys 
tems of objects. It is thus always necesary to recognize, 
in what the individual sciences offer us as their objects 
and "things," the specific logical conditions on the ground 
of which they were established. Each science has its object 
only by the fact that it selects it from the uniform mass of 
the grven by certain formal concepts, which are peculiar 
to it. The object of mathematics is different from that 
of mechanics, the object of abstract mechanics different 
from that of physics, etc., because there are contained in 

all these sciences different questions of knowledge, differ 

ent ways of referring the manifold to the unity of a con 

cept and ordering and mastering the manifold by it. Thus 
the content of each particular field of knowledge is deter 

mined by the characteristic form of judgment and ques 
tion from which knowledge proceeds. In the form of 

judgment and question the particular special axioms, by 
which the sciences are distinguished from each other, are 
first defined. If we attempt to gain a definite explanation 
of the concept of "physical objectivity" from this stand 

point, we are first led to a negative feature. Whatever 
this objectivity may mean, in no case can it coincide with 
what the na?ve view of the world is accustomed to regard 
as the reality of things, as the reality of objects of sensu 
ous perception. For the objects, of which scientific physics 
treats and for which it establishes its laws, are distin 

guished from this reality by their general fundamental 
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form. That concepts, such as those of mass and force, the 

atom or the ether, the magnetic or electrical potential, even 

concepts, like those of pressure or of temperature, are no sim 

ple thing-concepts, no copies of particular contents given in 

perception: this scarcely needs any further explanation, 
after all that the epistemology of physics itself has estab 
lished concerning the meaning and origin of these con 

cepts. What we possess in them are obviously not repro 
ductions of simple things or sensations, but theoretical 

assumptions and constructions, which are intended to 

transform the merely sensible into something measurable, 
and thus into an "object of physics," that is, into an object 
for physics. Planck's neat formulation of the physical 
criterion of objectivity, that everything that can be meas 
ured exists, may appear completely sufficient from the 

standpoint of physics ; from the standpoint ot epistemology, 
it involves the problem of discovering the fundamental 
conditions of this measurability and of developing them 
in systematic completeness. For any, even the simplest, 

measurement must rest on certain theoretical presupposi 
tions on certain "principles," "hypotheses," or "axioms," 

which it does not take from the world of sense, but which 

it brings to this world as postulates of thought. In this 
sense, the reality of the physicist stands over against the 

reality of immediate perception a something through and 

through mediated; as a system, not of existing things or 

properties, but of abstract intellectual symbols, which 
serve to express certain relations of magnitude and meas 

ure, certain functional coordinations and dependencies of 

phenomena. If we start from this general insight, which 
within physics itself has been made very clear, especially 
by Duhem's analysis of the physical construction of con 

cepts, the problem of the theory of relativity gains its full 

logical definiteness. That physical objectivity is denied to 

space and time by this theory must, as is no\v seen, mean 
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something else and something deeper than the knowledge 
that the two are not things in the sense of "na?ve realism." 

For things of this sort, we must have left behind us at the 
threshold of exact scientific physics, in the formulation 
of its first judgments and propositions. The property 
of not being thing-concepts, but pure concepts of measure 

ment, space and time share with all other genuine physical 
concepts; if, in contrast to these, space and time are also 

to have a special logical position, it must be shown that 

they are removed in the same direction as these, a step 
further from the ordinary thing-concepts, and that they 
thus represent, to a certain extent, concepts and forms of 

measurement of an order higher than the first order. 

The fact appears even in the first considerations, from 
which the theory of relativity starts, that the physicist 
does not have only to hold in mind the measured object 
itself, but also always the particular conditions of meas 
urement. The theory distinguishes between physical deter 
minations and judgments, which result from measure 

ment from resting and moving systems of reference, and it 

emphasizes the fact that before determinations, which 
have been gained from diverse systems of reference, can be 

compared with each other, a universal methodic principle 
of transformation and permutation must be given. To 

each objective measurement, there must be added a cer 

tain subjective index, which makes known its particular 
conditions and only when this has taken place can it be 
used along with others in the scientific construction of 
the total picture of reality, in the determination of the laws 
of nature, and be combined with these others into a uni 
tary result. What is gained by this reflection on the con 
ditions of physical measurement in a pure epistemological 
regard appears as soon as one remembers the conflicts, 
which have resulted from the lack of this reflection in the 
course of the history of philosophy and of exact science. 
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It seems almost the unavoidable fate of the scientific ap 
proach to the world that each new and fruitful concept of 

measurement, which it gains and establishes, should be 

transformed at once into a thing-concept. Ever again does 

it believe the truth and the meaning of the physical con 

cepts of magnitude to be assured only when it permits cer 
tain absolute realities to correspond to them. Each crea 

tive epoch of physics discovers and formulates new charac 

teristic measures for the totality of being and natural 

process, but each stands in danger of taking these prelimi 
nary and relative measures, these temporarily ultimate 

intellectual instruments of measurement, as definitive ex 

pressions of the ontologically real. The history of the 

concept of matter, of the atom, of the concepts of the ether 
and of energy offer the typical proof and examples of 
this. All materialism?and there is a materialism not only 
of "matter" but also of force, of energy, of the ether, etc., 

?goes back from the standpoint of epistemology, to this 
one motive. The ultimate constants of physical calcula 

tion are not only taken as real, but they are ultimately 
raised to the rank of that which is alone real. The devel 
opment of idealistic philosophy itself is not able to escape 
this tendency. Descartes as an idealistic mathematician 
was at the same time the founder of the "mechanical view 
of the world." Since only extension offers us exact and 

distinct concepts and since all clearly comprehended truth 
is also the truth of the existing, it follows, in his view, that 

mathematics and nature, the system of measurements and 

the totality of material existence, must be identified. The 
manner, in which the same step from the logico-mathema 
tical to the ontological concept has been repeated in the 

development of modern energetics, is known. Here, after 

energy had been discovered as a fundamental measure, as 

a measure which is not limited to the phenomena of motion, 
but spans equally all physical fields, it was made an all 
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inclusive substance, which rivalled "matter" and finally 
took it up into itself completely. But on the whole, we 
are here concerned only with a metaphysical by-way, which 
has not seduced science itself from its sure methodic 
course. For the concept of energy belongs in conception 
to that general direction of physical thought, which has 
been called the "physics of principles" in contrast to the 

physics of pictures and mechanical models. A "principle," 
however, is never directly related to things and relations 
of things, but is meant to establish a general rule for 

complex functional dependencies and their reciprocal con 

nection. This rule proves to be the really permanent and 
substantial: the epistemological, as well as the physical, 
value of energetics is not founded on a new pictorial rep 
resentation to be substituted for the old concepts of "mat 
ter" and "force" but on the gaining of equivalence-num 

bers, such as were expressly demanded and discovered by 
Robert Mayer as the "foundation of exact investigation 
of nature." (Cf. 52, p. 145, 237?.) 

Even in these two examples we can learn that through 
the whole history of physics there is a certain intellectual 

movement, which throughout runs parallel to the move 

ment in epistemology that mediates and passes to and fro 
between the "subject" and the "object" of knowledge. 
Physical thought is always concerned at first with estab 

lishing a characteristic standard of measurement in an 

objective physical concept, in a certain natural constant. 
Then it is concerned, in the further development, with un 

derstanding more and more clearly the constructive ele 
ment that is contained in any such original constant, and 
with becoming conscious of its own conditionality. For, 
whatever particular properties they may have, no con 
stants are immediately given, but all must be conceived 
and sought before they can be found in experience. One 
of the most pregnant examples of this is found in the his 
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tory of the concept of the atom. The atoms were postu 
lated by Democritus as ultimate constants of nature long 
before thought possessed any means of concretely realiz 

ing this postulate. Fundamentally, such a realization, such 
a strictly quantitative meaning of the concept of the atom, 
was only reached in the beginnings of modern chemistry 
in the law of multiple proportion. To the extent, however, 
that to this particular realization of the concept of the 
atom in the law of multiple proportion others and still 
others are added and the concept of the atom finally comes 
to characterize and to organize intellectually the most 
diverse fields, its character as a pure principle, which was 

originally fused with its thing-character, comes to light. 
The content of the idea of the atom changes and shifts 
from place to place in the course of the development of 

physics and chemistry, but the function of the atom as the 

temporarily ultimate unit of measurement remains. When 
we pass from the consideration of "ponderable" matter 

to the consideration of the ether, when we seek a unity, 
which comprehends not only the mechanical but also the 
optical and electrical phenomena, the atom of matter be 
comes the atom of electricity, the electron. In recent phys 
ics, there appears further, with Planck's Quanta Theory 
the thought of an atomistic structure not only of matter 
but of energy. It would be in vain were one to attempt 
to combine all these various applications of the concept 
of the atom in chemistry, in the kinetic theory of gases, 
and in the doctrine of light and heat radiation, etc., into 
a unitary picture. But the unity of its meaning requires 
no such pictorial unity; it is satisfied, indeed verified in a 
far stricter logical sense, when it is shown that here a 
common relation, a peculiar "form" of connection, pre 

vails, which as such can be verified and represented in the 
most diverse contents. The atom shows itself thereby to 
be, not an absolute minimum of being, but a relative mini 
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mum of measure. It was one of the founders of modern 

philosophy, Nicholas Cusanus, who, with true speculative 

profundity, anticipated and announced this as the func 
tion of the concept of the atom, which was to be actually 
realized only in the history of natural science. Cusanus' 
fundamental doctrine of the infinite and of the unity of 

opposites in the infinite rested entirely on this insight into 
the relativity in principle of all determinations of magni 
tude, on the coincidence of the "greatest" and the "small 

est." (Cf. 7, I, 4off, 2?5ff.) Modern criticism of knowl 

edge brings the riddle, with which Cusanus' doctrine of the 
minimum struggles, to a simple expression. Contradic 

tion only enters when we attempt to unify after the fashion 
of a thing all the different forms, which the thought of 
the "smallest" assumes, in the different fields of thought; 
but it disappears as soon as we reflect that the true unity 
is never to be sought in things as such, but in intellectual 

constructions, which we choose according to the peculiar 

ity of the field to be measured, and which are thus in prin 
ciple possessed of an unlimited variability. It follows from 
this that, as what is to be measured is unlimited in variety, 
so what measures can be represented in infinitely many 
and infinitely diverse ways. In other words, the unity 
that we have to seek lies neither in the one nor the other 

member, but merely in the form of their reciprocal con 

nection, i. e., in the logical conditions of the operation of 
measurement itself. 

This receives new confirmation when we pass from the 

concept of matter, of energy and of the atom to the real 
concept of objectivity of modern physics, that of motion. 
The historical beginnings of the modern theory of motion 
in Galilei refer directly to the epistemological question, 

which has received its definitive formulation in the general 
theory of relativity. What Galilei gained with his idea 
of relativity was the cancelling of the absolute reality of 
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place, and this first step involved for him the most weighty 
logical consequences, viz., the new concept of the lawful 

ness of nature and the new interpretation of the particular 
laws of dynamics. Galilei's doctrine of motion is rooted 
in nothing less and nothing more than in the choice of 
a new standpoint from which to estimate and measure 

the phenomena of motion in the universe. By this choice, 
there was given him at once the law of inertia and in it 
the real foundation of the new view of nature. The an 

cient view saw in place a certain physical property that 

produced definite physical effects. The "here" and "there," 

the "above" and "below," were for it no mere relations; 

but the particular point of space was taken as an independ 
ent real, which consequently was provided with particular 
forces. In the striving of bodies to their "natural places," 
in the pressure of air and fire upwards and in the sinking 
of heavy masses downwards, these forces seemed given as 

immediate empirical realities. Only when one takes 
account of these fundamental features, not onlv of ancient 

astronomy and cosmology but also of ancient physics, does 

one understand the whole boldness of the new intellectual 
orientation, resulting from the Copernican system of the 

world. One of the most fixed and certain realities on which 
Grecian thought had constructed its picture of the world 
now became a mere illusion, a purely "subjective" feature. 

Even the first adherents of the new doctrine drew the 
decisive conclusion with reference to the doctrine of place. 

What Gilbert, e. g., urges against the Aristotelian physics 
and cosmology is above all this epistemological feature, 
i. e., that it permits the ideal and the real to flow into each 
other. Differences belonging merely to our thought, to 
our subjective reflection, are throughout made into objec 
tive oppositions. But in truth no place in itself is opposed 
to any other, but there are in nature only differences in 
the mutual positions of bodies and of material masses. "It 
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is not place which, in the nature of things, works and 

produces, which determines the rest and motion of bodies. 
For it is in itself neither a being nor an effective cause ; 
rather bodies determine their mutual place and position 
by virtue of the forces which are immanent in them. The 

place is a nothing; it does not exist and exerts no force, 
but all natural power is contained and grounded in bodies 
themselves." (7, I, 36of.) It is implied in this that what 

we call the "true place" is never given to us as an imme 

diate sensuous property, but must be discovered on the 
basis of calculation and of the "arithmetic of forces" in 
the universe. All determination of place?as Kepler 
sharply and clearly expresses this insight which for him 
resulted equally from astronomical convictions, physiologi 
cal optics and analysis of the general problem of percep 
tion?is a work of the mind : omnis locatio mentis est opus. 
(37> , 55, cf. 7, I, 339.) From this point, the way is 

open to Galilei's foundation of dynamics: for since place 
has ceased to be something real, the question as to the 

ground of the place of a body and the ground of its per 
sistence in one and the same place disappears. Objective 
physical reality passes from place to change of place, to 
motion and the factors by which it is determined as a 

magnitude. If such a determination is to be possible in 
a definite way, the identity and permanence, which were 
hitherto ascribed to mere places, must go over to motion; 
motion must possess "being," that is, from the standpoint 
of the physicist, numerical constancy. This demand for 
the numerical constancy of motion itself finds its expres 
sion and its realization in the law of inertia. We recog 
nize here again how closely, in Galilei, the mathematical 
motive of his thought was connected with an ontological 
motive, how his conception of being interacted with his 

conception of measure. The new measure, which is found 

in inertia and in the concept of uniform acceleration, in 
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volves also a new determination of reality. In contrast 

with mere place, which is infinitely ambiguous and dififers 

according to the choice of the system of reference, the 
inertial movement appears to be a truly intrinsic prop 

erty of bodies, which belongs to them "in themselves" 
and without reference to a definite system of comparison 
and measurement. The velocity of a material system is 

more than a mere factor for calculation ; it not only really 
belongs to the system but defines its reality since it deter 
mines its vis viva, i. e., the measure of its dynamic effec 

tiveness. In its measure of motion, in the differential quo 

tient of the space by the time, Galilei's physics claims to 
have reached the kernel of all physical being, to have de 
fined the intensive reality of motion. By this reality, the 

dynamic consideration is distinguished from the merely 
phoronomic. The concept of the "state of motion," not 

as a mere comparative magnitude, but as an essential 

element belonging to the moving system intrinsically, nowr 
becomes the real mark and characteristic of physical real 

ity. Leibniz, too, in his foundation of dynamics, stands 

throughout at this standpoint, which becomes for him a 

starting-point for a new metaphysics of forces. Motion 

conceived as a mere change of place in the purely phoro 
nomical sense, he explains, remains always something 

purely relative; it only becomes an expression of a true 

physical and metaphysical reality when we add to it an 
inner dynamic principle, a force conceived as an "origi 

nally implanted principle of permanence and change," 
principium mutationis et perseverantiae. (42, VI, 100 cf. 
5, p. 29off.) In all these examples, it is evident how 

sharply, on the one hand the physical thought of modern 
times has grasped the thought of the relativity of place 
and of motion, and, on the other hand, how it has shrunk 
back from following it to its ultimate consequences. If 
not only place but the velocity of a material system is to 
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signify a magnitude that, entirely depends on the choice 
of the reference body and is thus infinitely variable and 

infinitely ambiguous, there seems no possibility of an exact 
determination of magnitude and thus no possibility of an 
exact objective determination of the state of physical real 

ity. Pure mathematics may be constructed as the ideal 

doctrine of the comparison and connection of magnitudes, 
as a system of mere relations and functions and may 
come to recognize itself as such ever more clearly, but 

physics seems necessarily to reach an ultimate limit, a 

non plus ultra, if it is not wholly to lose any basis in reality. 
The difficulty, which remains in the structure of classi 

cal mechanics in the formulation of the principles of iner 

tia, is expressed in an epistemological circle, from which 
there seems no escape. To understand the meaning of 

the law of inertia, we need the concept of "equal times" 

but a practicable physical measure of equal times can, as 

is discovered, only be gained by presupposing, in its con 
tent and validity, the law of inertia. In fact, since Carl 

Neumann's work, Uber die Prinzipien der Galilei-New 

tori sehen Theorie (57), which set in motion the modern 
discussion on the law of inertia, it is customary in mechan 

ics to define equal times as times within which a body left 
to itself traverses equal distances. Maxwell, too, in his 

exposition of the Newtonian mechanics, conceived the law 
of inertia as a pure definition of measure. The first 
law of Newton, as he explains clearly and pregnantly, tells 
under what conditions no external force is present. (51, 
p. 31.) Thus in the progress of mechanics the principle 
of inertia is recognized with increasing distinctness as what 
it meant fundamentally to Galilei. It is no longer taken as 
a direct empirical description of given processes of nature, 
but as the "axiom of the field," the fundamental hypothesis 
by which the new science of dynamics prescribes to itself 
a certain form of measurement. Inertia appears, not as 
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an absolute and inherent property of things and of bodies, 
but as the free establishment of a certain standard and 

symbol of measurement, by virtue of which we can hope 
to reach a systematic conception of the laws of motion. 
In this alone is rooted its reality, i. e.} its objective and 

physical significance. Thus, within the historical devel 

opment of physics itself what measures is separated with 

increasing distinctness from what is measured, with which 
it at first seems to coincide; the observable data of expe 
rience are separated with increasing distinctness from 
what must be presupposed and used as a condition of obser 
vation and of measurement. 

And what is here seen in a particular example and 
within a narrow field is repeated, on closer examination, in 

all the special fields of physics. Everywhere physical 
thought must determine for itself its own standards of 

measurement before it proceeds to observation. There 

must be established a certain standpoint for the compari 
son and correlation of magnitudes ; certain constants must 

be established at least hypothetically and in preliminary 
fashion before a concrete measurement can take place. In 

this sense, each measurement contains a purely ideal ele 

ment; it is not so much with the sensuous instruments of 
measurement that we measure natural processes as with 

our own thoughts. The instruments of measurement are, 
as it were, only the visible embodiments of these thoughts, 
for each of them involves its own theory and offers cor 

rect and useful results only in so far as this theory is 
assumed to be valid. (Cf. 8, p. 189??.)- It is not clocks 
and physical measuring-rods but principles and postulates 
that are the real instruments of measurement. For in the 

multiplicity and mutability of natural phenomena, thought 
possesses a relatively fixed standpoint only by taking it. 
In the choice of this standpoint, however, it is not abso 

lutely determined by the phenomena, but the choice re 
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mains its own deed for which ultimately it alone is respon 
sible. The decision is made with reference to experience, 
i. e., to the connection of observations according to law, 

but it is not prescribed in a definite way by the mere sum 

of observations. For these in themselves can always be 

expressed by a number of intellectual approaches between 
which a choice is possible only with reference to logical 
"simplicity," more exactly, to systematic unity and com 

pleteness, of scientific exposition. When thought, in ac 

cordance with its claims and demands, changes the form 
of the "simple" fundamental measuring relations, we stand 

before a new "picture" of the world with regard to con 

tent also. The previously gained relations of experience 
do not indeed lose their validity, but, since they are ex 

pressed in a new conceptual language, they enter into a 
new system of meanings. The fixed Archimedean point 
of the former view of the world moves; the previous 

of thought appears transcended. But it is soon seen 
that thought, by virtue of its peculiar function, can only 
transcend an earlier construction by replacing it by a 

more general and more inclusive one; that it only shifts, 
among phenomena, the constancy and identity, which it 

cannot cease to demand, to another and deeper place. That 

every realization, which the demand of thought for ulti 
mate constants can find within the empirical world is 

always only conditioned and relative, is guaranteed by 
the unconditionality and radicalism of precisely this de 

mand. The critical theory of knowledge would not only 
show this connection in abstracto, but for it the concrete 

movement of thought, the continual oscillation between 

experience and concept, between facts and hypotheses in 
the history of 

- 
physics, forms a perpetually new source of 

instruction. In the midst of the change of particular theo 
retical instruments of measurement, the critical theory 
holds fast to the thought of the unity of measurement, 
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which indeed signifies for it no realistic dogma but an 
ideal goal and a never-to-be-concluded task. Each new 

physical hypothesis erects, as it were, a new logical system 
of coordinates, to which we refer phenomena, while never 

theless the doctrine is retained as a regulative idea for 

investigation that all these systems converge on a certain 

definite limiting value. In the confusion and continuous 
flux of phenomena, the understanding seems at first almost 

arbitrarily to fix and separate out certain points in order 
to learn through them a definite law of change, but every 
thing which it regards as determined and valid in this 
sense proves, in the course of further progress, to be a 

mere approximation. The first construction must be both 
limited and more exactly defined logically by the second, 
this again by the third, etc. Thus, ever anew does the 

temporarily chosen theoretical center of thought shift ; but 
in this process, the sphere of being, the sphere of objective 
knowledge, is more and more penetrated by thought. As 
often as it seems that thought is overturned by new facts 
and observations, which are outside its previously formu 

lated laws, it is seen that, in fact, thought has found in 
them a new point of leverage, around which moves hence 

forth the totality of empirically provable "facts." The 

epistemological exposition and evaluation of each new 

physical theory must always seek to indicate the ideal cen 
ter and turning-point around which it causes the totality 
of phenomena, the real and possible observations, to re 

volve,?whether this point is clearly marked or whether 
the theory only refers to it indirectly by the intellectual 

tendency of all its propositions and deductions. 
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II 

The Empirical and Conceptual Foundations of the 

Theory of Relativity 

If there can be no doubt, according to the opening 
words of the Critique of Pure Reason, that all our knowl 

edge begins with experience, then this holds especially 
when we are concerned with the origin of a physical theory. 
The question here can never run as to whether the theory 
has issued from experience but merely as to hozv it is based 
on experience and what is the relation of the diverse ele 
ments which characterize and make up the concept of expe 
rience as such. There is accordingly needed no special 
epistemological analysis to make clear the relation of the 
special and general theories of relativity to experience, to 

the whole of observation and of physical experiment ; such 
an analysis will only have to decide whether the theory 
in its origin and development is to be taken as an example 
and witness of the critical or of the sensualistic concept 
of experience. Does "experience," as it is used here, 

mean merely the bare sum of particular observations? 
ex p?riment or urn multorum coacervatio, as a sensualistic 

thinker once described it?or is there involved in it an 

independent intellectual form? Is the construction of the 

theory merely a matter of joining "fact" to "fact," per 
ception to perception,?or, in this connection of particulars, 
have there been effective all along- certain universal and 
critical norms, certain methodic presuppositions? No 
"empiricism" however extreme can ever seek to deny the 

r?le of thought in establishing and grounding physical the 
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ories, and just as little is there, on the other hand, a logical 
idealism, which would attempt to free "pure thought" 
from reference to the world of the "factual" and from 

being bound to it. The question dividing the two views 
can only be as to whether thought consists in a simple regis 
tration of facts, or whether, even in the establishment, in 

gaining and interpretation of "particular facts," thought 
reveals its characteristic power and function. Is its work 

completed in arranging particular data, immediately taken 
from sense perception, like pearls on a thread?or does it 

face them with its own original measures, as independent 
criteria of judgment? 

The problem raised here received its first sharp and 
clear systematic formulation in the Platonic doctrine of 
ideas. For Platonic idealism, too, the proposition holds 
that it is not possible to think save on the basis of 
some perception : a e e a e . 
But the function of the "logic in us" consists indeed not 
in finding the sum of the particular perceptions, not in de 

riving and deducing the "idea of the equal" from the "equal 
pieces of wood and stone," but the "logic in us" is revealed 
in discriminating and judging what is given in perception. 

This discriminating constitutes the real fundamental char 

acter of thought as a a, as discursus. Not all percep 
tions and observations stimulate equally the critical and 

discriminating activity of thought. There are some which 
do not summon the understanding to reflection since satis 

faction is done them by mere sensation, but there are others 
which in all ways call forth thought as if in their case 

perception by itself could gain nothing solid. "Not excit 

ing, namely, is that which does not pass into an opposite 
perception; exciting objects I call those which give oppo 
site perceptions, because here perception gives no more 
vivid idea of any particular object than of its opposite. 
Much in perception is a paraclete of thought ( a a a 
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a a ), while other perceptions are not?such an 

awakener of thought, namely, is everything, which comes 
into sense at the same time as its opposite; but what does 

not, that also does not arouse thought." (Republic 523 

524.) In this Platonic characterization of the relation of 

thought and sensation, of reason and sensibility, we have, 
as Cohen has urged, "one of the most fundamental thoughts 
in the evolution of the critique of cognition." ( 12, p. i6ff.) 
Just as for Plato thought becomes what it is in assertion 
and contradiction, in dialectic, so not any arbitrary per 
ception but only one to which this feature corresponds 
can become its awakener and paraclete. The dialectic of 

perception summons that of thought to judgment and deci 
sion. Where the perceptions, as it were, rest peacefully 
side by side, where there is no inner tension between them, 
thought rests also ; only where they contradict each other, 
where they threaten to cancel each other does thought's 
fundamental postulate, its unconditional demand for unity 
stand forth and demand a transformation, a reshaping of 

experience itself. 

The evolution of the theory of relativity has furnished 
a new typical proof of this general relation. It was in 
fact a fundamental contradiction between physical experi 

ments from which the theory of relativity took its start. 
On the one side stood the investigation of Fizeau, on the 

other, that of Michelson, and the two seemed in their re 
sults absolutely irreconcilable. Both sought to gain an 
answer to the question as to how the velocity of light in a 

moving medium was related to its velocity in a resting 
medium; and they answered this question in completely 
opposite ways. The investigation of Fizeau showed that 
the velocity of light in flowing water was greater than in 
water at rest; that, however, not the whole velocity of 
the flowing water, but only a fraction of it was added to 
the velocity of light in a medium at rest. If we call the 
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velocity of light in the moving medium W and the velocity 
of light in a medium at rest w and the velocity of the flow 

ing , it results not simply that W=w-fv, but rather that 

W=w+v(i?-^-), 
in which the magnitude 

= 
-^-sig 

nifies the exponent of the refraction of the liquid. This 

result, as interpreted by the theory of Lorentz, spoke 
directly for the assumption of a motionless ether not car 

ried along by the body in its movement. But the attempt 
of Michelson, to discover the consequences of the move 

ment of the earth with reference to this motionless ether, 
failed. In no way could any influence be shown of the 

motion of the earth on the velocity of the propagation of 

light; it was rather shown with increasing evidence that 
all optical phenomena take place as if there were no trans 

lation of the earth against the ether.5 And behind this 
conflict of "facts" there stood, as one was forced to recog 
nize more and more, a conflict in general principles, to 

which the theories of mechanical and of optical and electro 

magnetic phenomena seemed to lead necessarily. Experi 
ments in the latter could finally be summarized in a sin 

gle proposition, the principle of the constancy of the 

velocity of light in a vacuum. The validity of the funda 
mental equations of electro-dynamics of Maxwell and 

Hertz involved the assumption that light in an empty space 
is always propagated with a definite velocity V independ 
ently of the state of motion of the body emitting it. From 
whatever system one made the observation and from 

whatever source the light issued, there would always be 
found the same determinate value for its velocity of 

propagation. But this assumption of the velocity of light 
as a universal constant the same for all systems, neces 

sarily demanded by the principles of electro-dynamics, now 
5 For more detail concerning the investigations of Fizeau and Michelson as 

well as concerning the negative outcome of other investigations on the influ 
ence of the movement of the earth on optical and electrical phenomena, cf. 
Laue (40), p. lOff. 
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comes into opposition with the principle of relativity of the 
Galilei-Newtonian mechanics. This principle demands 

that, when any definite Galileian reference body is given 
?i. e., a body relatively to which a body "left to itself" 

persists in its state of rest or of uniform motion in a 

straight line?all the laws, which are valid relatively to 
this reference body remain valid when one passes to the 

system of reference K', which is, with reference to K, in 
uniform translatory motion. In the transition from to 

K', the equations of the "Galilei-transformation" hold, 

x'=x?vt, y'=y, z'=z 

(where signifies a constant velocity of K' with reference 
to parallel to the and x' axes), to which there is to 
be added the identical transformation from the time t'=t, 
which is not especially noticed in classical mechanics. If 
we seek, however, to apply the principle of relativity of 
mechanics to electro-dynamics, i. e., to recalculate its equa 
tions according to the formulae of the Galilei-transforma 

tion, it is seen that this cannot be done : the electro-dynamic 

equations, in contrast to the Newtonian equations of 

motion, alter their form when we insert the coordinates 

x', y', z', t', into them in place of the coordinates x, y, z, t 

according to the rules of the Galilei-transformation. The 

efifort to unite mechanics and electro-dynamics by carry 

ing over the principle of relativity of the first into the latter 
thus had to be given up: the Hertzian theory, which repre 
sented such an attempt, came into irreconcilable conflict 

with assured experimental results. Physical investigation 
stood before the dilemma of giving up a principle which 
had been verified without exception in all the phenomena 
of motion and which formed a corner-stone in the struc 

ture of classical mechanics?or of retaining it within its 
field but denying its applicability to optical and electro 

magnetic phenomena. In both cases, the unity of the ex 

planation of nature, the unity of the very concept of nature, 
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seemed destroyed. Here in fact the condition set up by 
Plato, of the intellectual fruitfulness of experience was 
fulfilled : here experience stood at a point at which assured 
observation seemed to pass directly into its opposite. The 
conflict between the principle of the constancy of the prop 

agation of light and the principle of relativity of mechanics 
became the "paraclete of thought"?the real awakener of 

the theory of relativity. 
But how did physical thought go about overcoming 

this conflict, since it was bound to the outcome of observa 
tion as such, since it could neither set aside the facts ex 

pressed in the principle of the constant velocity of light 
in a vacuum, nor those expressed in the principle of rela 

tivity of mechanics? If we look back on the historical 

development of the theory of relativity, we recognize that 
the latter has followed here a counsel which was once 

given by Goethe. "The greatest art in theoretical and 

practical life," wrote Goethe to Zelter, "consists in chang 

ing the problem into a postulate; that way one succeeds." 
In fact, this was the course which Einstein followed in 
his fundamental essay, 'Zur Elektrodynamik bewegter 
Systeme of the year 1905. The principle of the constancy 
of the velocity of light was given first place as a postulate, 
but,?supported by the negative result of all attempts to 
establish an "absolute" motion with reference to a chosen 

system of reference, i. e., the "motionless ether,"?the 

supposition was made that there correspond to the con 

cept of absolute rest no properties of phenomena in either 
mechanics or electro-dynamics, but rather that the same 

electro-dynamic and optical laws hold for all systems of 
coordinates of which the mechanical equation hold. And 
this "supposition" does not continue such, but is expressly 
"made a presupposition," i. e., a shaping of theory is de 

manded which will simultaneously satisfy the conditions 
of the principle of relativity and those of the principle of 
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the constant propagation of light. (Cf. 16, p. 26.) The 
two assumptions are indeed not compatible according to 
the means and habits of thought at the disposal of the 
kinematics generally accepted before the establishment of 
the theory of relativity, but they?ought no longer to be 

incompatible. The demand made of physical theory was 
that it remove this incompatibility by subjecting precisely 
these means and habits of thought themselves to a critical 
examination. By an analysis of the physical concepts of 

space and time, it now appears that in fact the incompati 
bility of the principle of relativity with the law of the prop 
agation of light is not to be found; that rather there is 

only needed a transformation of these concepts in order 
to reach a logically unobjectionable theory. The decisive 

step is taken when it is seen that the measurements, to be 

gained within a system by definite physical methods of 
measurement, by the application of fixed measuring-rods 
and clocks, have no "absolute" meaning fixed once for all, 
but that they are dependent on the state of motion of the 

system and must necessarily result dififerently according 
to the latter. There now arises the purely mathematical 

problem of discovering the laws of permutation, accord 

ing to which the space-time values of an event are changed 
in going from one reference body to another, which is in 
uniform translatory motion with regard to the first. This 

problem is solved, as is known, by the fundamental equa 
tions of the "Lorentz-transformation" : 

Vi?g 
y'= y z'= 

f_ t-r-f-x 

Vi?s 
On the basis of these equations, we see that the law of 

the propagation of light in a vacuum is equally fulfilled for 
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all justified systems and K'; on the other hand, it is 
seen that Maxwell's fundamental equations of electrody 
namics do not change their form when the formulae of 
the Lorentz-transformation rather than those of the Gali 

lei-transformation are applied to them. There is thus a 
universal principle of relativity, which comprehends the 

totality of physical phenomena; the laws, according to 
which the states of physical systems change, are independ 
ent of whether they are referred to one or the other of 
two systems of coordinates in uniform translatory motion 

relative to each other. (Cf. 16, p. 29). The principle of 

relativity of classical mechanics is so little contradicted by 
this general principle that it is rather contained in it as a 

special case; the equations of the Galilei-transformation 

directly issue from those of the Lorentz-transformation 

when one considers only such velocities as are very small 

in comparison with the velocity of light so that the values 
can practically be left out of account. It follows 

from this that the principle of relativity of electrodynamics, 
carried over to mechanics, can come into conflict with no 

empirical result, while the converse carrying-over of the 

principle of relativity of mechanics to electrodynamics 
proves to be impossible, as the collapse of Hertz's theory 
showed. More closely considered, however, in the spe 
cial theory of relativity, the electrodynamic processes are 
not used as a key to the mechanical, but a truly universal 

principle, a heuristic maxim of investigation in general, is 
established, which claims to contain a criterion of the valid 

ity and permissibility of all particular physical fields and 
theories. Thus it is seen that the initial contradiction, 
appearing between the principles of mechanics and those 
of electrodynamics, has shown the way to a far more per 
fect and deeper unity between them than previously ex 
isted. And this result was not reached entirely by heaping 
up experiments, by newly instituted investigations, but it 
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rests on a critical transformation of the system of funda 

mental physical concepts. 

On the purely epistemological side, there thus appears 
with special distinctness in this intellectual process in which 
the theory of relativity originates, that peculiar "Coperni 
can revolution," that variation in the conceptual founda 

tions of the theory of nature, which we have previously 
traced in the example of classical mechanics and the older 

physics. An essential part of its achievement seems based 

on the fact, that it has shifted the previous logical con 
stants of physical knowledge, that it has set them at another 

place than before. For classical mechanics, the fixed and 

immovable point was the assumption of the identity of the 

spatial and temporal values gained by measurement in the 
various systems. This identity was taken to be the unques 
tionable and sure foundation of the concept of objectivity 
in general : as that which first really constituted the object 
of "nature" as a geometrical and mechanical object and 

distinguished it from the changeable and relative data of 
sensation, e a a 

' 
a , a 

a & a a a ?thus runs the 

proposition, which Democritus brought into the founda 
tions of atomism, and which in modern times was taken 

up by Galilei to support the fundamental distinction be 
tween "primary" and "secondary" qualities, and thus the 

whole "mechanical" view of the world. Although the 

principle here established proved to be very fruitful and 
has been frequently confirmed in mathematical physics, the 
modern evolution of physics shows, with increasing evi 
dence, that it was conceived too narrowly in a philosophical 
and methodological sense. The true goal of science is not 

mechanism but unity?as Henri Poincar? once formulated 

the guiding maxim of modern physics. But concerning 
this unity the physicist does not need to ask whether it is, 
but merely how it is; /. e.} what is the minimum of presup 
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positions that are necessary and sufficient to provide an 
exact exposition of the totality of experience and its sys 
tematic connection. (72, p. 172??.) In order to maintain 

this unity, which seemed endangered by the conflict of the 

principle of the constancy of the velocity of light and the 

principle of relativity of mechanics, and to ground it more 

deeply and securely, the theory of relativity renounces the 

unity of the values of spatial and temporal magnitudes in 
different systems. It surrenders the assumption that the 

temporal interval between events is a magnitude fixed once 
for all independently of the state of motion of the refer 
ence body and that in the same way the spatial distance 
between two points of a rigid body is independent of the 
state of motion of the reference body. By going back to 
the method of measuring time and to the fundamental 
r?le that the velocity of light plays in all our physical time 

measurements, it discovers the relativity of the simultane 

ity of two processes and further leads to the insight that 
the magnitude of the length of a body, of its volume, its 

form, its energy and temperature, etc., are, as results from 

the formulae of the Lorentz-transformation, to be assumed 

as different according to the choice of the system of ref 
erence in which measurement takes place. But these "rel 

atmzations" are not in contradiction with the doctrine of 

the constancy and unity of nature; they are rather de 

manded and worked out in the name of this very unity. The 
variation of the measurements of space and time consti 

tutes the necessary condition through which the new in 
variants of the theory are discovered and grounded. Such 
invariants are found in the equal magnitude of the velocity 
of light for all systems and further in a series of other 

magnitudes, such as the entropy of a body, its electrical 

charge or the mechanical equivalent of heat, which are 

unchanged by the Lorentz-transformation and which thus 

possess the same value in all justified systems of refer 
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enee. But above all it is the general form of natural law 
which we have to recognize as the real invariant and thus 
as the real logical framework of nature in general. While 
the special theory of relativity limits itself to regarding all 
reference bodies K' which are moving uniformly in a 

straight line relatively to a definite justified reference sys 
tem K, as equivalent for the formulation of natural laws, 
the general theory extends this proposition to the asser 
tion that all reference bodies KK', whatever their state 
of motion may be, are to be taken as equivalent for the 

description of nature. (17, p. 9; 18, p. 42.) But the path 
by which alone this true universality of the concept of 
nature and of natural law, i. e., a definite and objectively 
valid description of phenomena independent of the choice 
of the system of reference, is to be reached, leads, as the 

theory shows, necessarily through the "relativization" of 
the spatial and temporal magnitudes, that hold within the 

individual system; to take these as changeable, as trans 

formable, means to press through to the true invariance 

of the genuine universal constants of nature and univer 

sal laws of nature. The postulate of the constancy of the 

velocity of light and the postulate of relativity show them 
selves thus as the two fixed points of the theory, as the 

resting intellectual poles around which phenomena revolve ; 
and in this it is seen that the previous logical constants 
of the theory of nature, i. e., the whole system of concep 
tual and numerical values, hitherto taken as absolutely de 
terminate and fixed, must be set in flux in order to satisfy 
the new and more strict demand for unity made by physi 
cal thought. 

Thus reference to experience, regard for phenomena 
and their unified exposition, proves to be everywhere the 
fundamental feature, but at the same time it is seen that, 
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in the words of Goethe, experience is always only half 

experience; for it is not the mere observational material 

as such, but the ideal form and the intellectual interpreta 

tion, which it is given, that is the basis of the real value 
of the theory of relativity and of its advantage over other 

types of explanation. As is known, the investigation of 
Michelson and Morley, which gave the impetus and start 

ing-point for the development of the theory of relativity, 
was explained as early as the year 1904 by Lorentz in a 
manner which fulfilled all purely physical demands. The 
Lorentzian hypothesis, that each body moving with refer 
ence to the motionless ether with a velocity undergoes 
a certain shortening in the dimension parallel to the motion, 
and indeed in the ratio of i:V 1?-4-, was sufficient to 

give a complete explanation of all known observations. An 

experimental decision between Lorentz's and Einstein's 

theories was thus not possible; it was seen that between 
them there could fundamentally be no experimentum cru 
cis? The advocates of the new doctrine accordingly had 
to appeal?a strange spectacle in the history of physics? 
to general philosophical grounds,?to the advantages over 

the assumption of Lorentz which the new doctrine possessed 
in a systematic and epistemological respect. "A really expe 
rimental decision between the theory of Lorentz and the 

theory of relativity," Laue, e. g.y explains in his exposi 
tion of the principle of relativity in the year 1911, "is 
indeed not to be gained, and that the former, in spite of 

this, has receded into the background, is chiefly due to 
the fact, that, close as it comes to the theory of relativity, 
it still lacks the great simple universal principle, the pos 
session of which lends the theory of relativity ... an 

eFor more detail cf. e. g. Ehrenfest (15a), p. 16ff. 
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imposing appearance."7 Lorentz's assumption appeared 
above all to be epistemologically unsatisfactory because it 
ascribes to a physical object, the ether, definite effects, 
while at the same time it results from these effects that 
ether can never be an object of possible observation. Min 

kowski too explains in his lecture on space and time that 
the Lorentzian hypothesis sounds extremely fantastical; 
for the contraction is not to be conceived as a physical con 

sequence of the resistence of the ether but rather purely 
as "a gift from above," as an accompaniment of the state 

of motion. (47, p. 6of.) What thus, in the last analysis, 
decided against this assumption was not an empirical but 
a methodological defect. It conflicted most sharply with 
a general principle, to which Leibniz had appealed in his 

struggle against the Newtonian concepts of absolute space 
and time, and which he formulated as the "principle of 

observability" (principe de l'observabilit?.) When Clarke, 
as the representative of Newton, referred to the possibility 
that the universe in its motion relatively to absolute space 

might undergo retardation or acceleration which would 

not be discoverable for our means of measurement, Leib 

niz answered that nothing fundamentally outside the 

sphere of observation possessed "being" in the physical 
sense : quand il n'y a point de changement observable, il n'y 
a point de changement du tout (5, p. 2^y?). It is pre 
cisely this principle of "observability," which Einstein ap 
plied at an important and decisive place in his theory, 
at the transition from the special to the general theory of 

relativity, and which he has attempted to give a necessary 
7 
40, p. 19f. ; cf. 41, p. 106. Cf. also the characteristic remark of Lorentz 

himself in his Haarlem lecture : "The estimation (of the fundamental con 

cepts of Einstein's theory of relativity) belongs to a very large extent {gr?s 
stenteils) to the theory of knowledge, and one can leave the judgment to the 
latter in confidence that it will consider the questions mentioned with the 
necessary thoroughness. But it is certain that it will depend for a great part 
on the type of thought to which one is accustomed, whether one feels drawn 

more to the one or the other conception. As far as concerns the lecturer 

himself, he finds a certain satisfaction in the older conceptions, that ether pos 
sesses at least some substantiality, that space and time can be sharply separated, 
that one can talk of simultaneity without further specification." (46a, p. 23.) 
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connection with the general principle of causality. Any 
physical explanation of a phenomenon, he urges, is epistem 

ologically satisfactory only when there enter into it no 
non-observable elements; for the law of causality is an 
assertion concerning the world of experience only when 
observable facts occur as causes and effects. (17, ?2). 
Here we stand before one of the fundamental intellectual 
motives of the theory of relativity?a motive which not 

only gives it the advantage over the empirically equiva 
lent hypothesis of Lorentz, but which also produces the 
advance from the more limited interpretation of the pos 
tulate of relativity in the special theory to the completely 
universal formulation. 

The way in which this advance has taken piase is espe 
cially suited to make clear the conceptual and empirical pre 
suppositions of the theory and their reciprocal connection. 
The special theory of relativity rests, as has been shown, 
on two different assumptions, which stand, equally justi 
fied, side by side: on the postulate of the uniformity of 
the propagation of light in a vacuum and on the presuppo 
sition that all reference systems in rectilinear, uniform and 

non-rotary motion relatively to a definite justified system 
are equally permissible for the formulation of the laws 

of nature. If one considers these presuppositions, which 

stand in inseparable connection in the empirical structure 

of the special theory of relativity, from a purely methodo 

logical standpoint, it is seen that in this respect they be 

long to different strata. On the one side, stands the asser 
tion of a general fact, a constant of nature, which results 
from the experimental findings of optics and electrody 
namics ; on the other side stands a demand, which we make 
of the form of natural laws. In the first case, it is empiri 
cally established that there is a peculiar velocity with a 
definite finite value, which retains this value in any sys 
tem independently of the state of motion of the latter. In 
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the second, a general maxim is established for the investi 

gation of nature, which is to serve as a "heuristic aid in 

the search for the general laws of nature." In the formal 

limitation, which is placed on natural laws by this maxim, 
lies?as Einstein himself has urged?the characteristic 

"penetration" (Sp?rkraft) of the principle of relativity. 

(18, pp. 28, 67.) But the two principles, the "material" 

and the "formal" are not distinguished from each other 

in the shaping of the special theory of relativity. The 

fact that this distinction is made and that the general and 

"formal" principle is placed above the particular and 

"material" principle constitutes, from the purely epistem 

ologica! standpoint, the essential step taken by the gen 
eral theory of relativity. And this step seems to lead to 

a strange and paradoxical consequence ; for the particular 

result is not taken up into the general, but rather is can 

celled by it. From the standpoint of the general theory of 

relativity, the law of the constancy of the velocity of light 
in a vacuum no longer possesses unlimited validity. Accord 

ing to the general theory of relativity the velocity of light 
is dependent on the gravitation potential and must thus 

in general vary with places. The velocity of light must 

always depend on the coordinates when a field of gravita 
tion is present ; it is only to be regarded as constant when 

we have in mind regions with a constant gravitation poten 

tial. This consequence of the general theory of relativ 

ity has often been regarded as a refutation of the presup 

position from which the special theory of relativity took 

its start and on which it based all its deductions. But with 

justice Einstein rejects any such conclusion. The special 

theory of relativity, he explains, is not rendered valueless 

by the fact that one comes to see that its propositions refer 
to a definitely limited field, namely, to the phenomena in 

an approximately constant field of gravitation. "Before 

the establishment of electrodynamics, the laws of electro 
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statics were regarded as the laws of electricity in general. 

Today we know that electrostatics can only describe electri 
cal fields correctly in the case, that is never exactly real 

ized, in which the electric masses are exactly at rest rela 

tively to each other and to the system of coordinates. Is 
electrostatics overthrown by Maxwell's electrodynamical 

equations? Not in the least! Electrostatics is contained 
as a limiting case in electrodynamics; the laws of the 
latter lead directly to those of the first for the case that 
the fields are temporarily unchangeable. The most beau 
tiful fate of a physical theory is to point the way to the 
establishment of a more inclusive theory, in which it lives 
on as a limiting case." (18, p. 52.) In fact, in the ad 
vance from the special to the general theory of relativity, 
we have only a verification of the same principle of the 
construction of concepts of natural science that is found 
in the advance from classical mechanics to the special 
theory of relativity. The constants of measurement and 

of the theory of nature in general are shifted and magni 
tudes, which were regarded as absolute from the earlier 

standpoint, are again, with the gaining of a new theoreti 

cal unit of measurement, made into merely relative deter 

minations valid only under definite conditions. While 
classical mechanics, like the special theory of relativity, 
distinguished between certain reference bodies relatively 
to which the laws of nature were valid and certain rela 

tively to which they were not, this distinction is now can 
celled. The expression of the universal physical laws is 
freed from any connection with a particular system of 
coordinates or with a certain group of such systems. To 
be expressed the laws of nature always require some defi 
nite system of reference; but their meaning and value is 

independent of the individuality of this system and re 
mains self-identical whatever change the latter may 
undergo. 
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Only with this result do we reach the real center of 
the general theory of relativity. Now we know where lie 
its truly ultimate constants, its cardinal points, around 

which it causes phenomena to revolve. These constants 

are not to be sought in particular given things, which are 
selected as chosen systems of reference from all others, 

such systems as the sun was to Copernicus and as the 

fixed stars were for Galilei and Newton. No sort of things 
are truly invariant, but always only certain fundamental 
relations and functional dependencies retained in the sym 
bolic language of our mathematics and physics, in certain 

equations. This result of the general theory of relativity, 
however, is so little a paradox from the standpoint of the 
criticism of knowledge, that it can rather be regarded as 
the natural logical conclusion of an intellectual tendency 
characteristic of all the philosophical and scientific thought 
of the modern age.8 To the popular view and its habits of 

thought the radical resolution of "things" into mere rela 
tions remains as ever suspicious and alienating, for this 

view believes that it would lose with the thing-concept the 
one sure foundation of all objectivity, of all scientific truth. 
And thus, from this side not so much the positive as the 

negative aspect of the theory of relativity has been empha 
sized; what it destroys, not what it constructs has been 

comprehended. But it is remarkable to find this interpre 
tation not only in the popular expositions of the theory of 

relativity but in the investigations of its general "philo 
sophical" significance; and to meet in the latter also the 
view that it brings an element of subjective arbitrariness 
into the formulation of the laws of nature and that, along 

with the unity of space and time, the unity of the concept 
of nature is destroyed. In truth, as closer consideration 
shows, the theory of relativity is characterized through 

8 
Here, indeed, I can only make this assertion in a general way ; for its 

proof I must refer to the more specific explanation in my work Substanz 
begriff und Funktionsbegriff. (8, pp. 148-310). 
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out by the opposite tendency. It teaches that to attain an 

objective and exact expression of natural process, we can 

not take without further consideration the space and time 

values, gained by measurement within a definite system 
of reference as the only and universal values, but that we 

must, in scientifically judging these measurements, take 
account of the state of motion of the system from which 
the measurement is made. Only when this is done can we 

compare measurements which have been made from dif 

ferent systems. Only those relations and particular mag 
nitudes can be called truly objective which endure this 
critical testing, that is, which maintain themselves not 

only for one system but for all systems. That not only 
are there such relations and values, but that there must 
be such, in so far as a science of nature is to be possible, 
is precisely the doctrine the theory of relativity sets up as 
a postulate. If we start, as practically we must do at first, 
from a definite system of measurement, we must bear in 

mind that the empirical values, which we gain here, do 
not signify the final natural values but that, to become 

such, they must undergo an intellectual correction. What 

we call the system of nature only arises when we combine 

the measurements, which are first made from the stand 

point of a particular reference body, with those made from 
other reference bodies, and in principle with those made 
from all "possible" reference bodies, and bring them ideally 
into a single result. How there can be found in this asser 
tion any limitation of the "objectivity" of physical knowl 

edge is not evident ; obviously it is meant to be nothing but 
a definition of this very objectivity. "But it is clear," says 
Kant, "that we have only to do with the manifold of our 

presentations and that X, which corresponds to them (the 
object), since it is to be something distinct from all our 

presentations, is for us nothing; the unity, which nukes 
the object necessary, can be nothing else than the formal 
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unity of consciousness in the synthesis of the manifold of 

presentations. Thus we say: we know the object when 

in the manifold of intuition we have produced synthetic 
unity." The object is thus not gained and known by our 

going from empirical determinations to what is no longer 
empirical, to the absolute and transcendent, but by our 

unifying the totality of observations and measurements 

given in experience into a single complete whole. The 

theory of relativity shows the whole complexity of this 
task; but it retains the postulate of the possibility of such 
a system all the more strenuously and points out a new 

way to satisfy it. Classical mechanics believed itself at 
the goal too soon. It clung to certain reference bodies and 
believed that it possessed, in connection with them, 
measures in some way definitive and universal, and thus 

absolutely "objective." For the new theory, on the con 

trary, true objectivity never lies in empirical determina 
tions, but only in the manner and way, in the function, of 
determination itself. The space and time measurements 
in each particular system are relative; but the truth and 
universality, which can be gained nevertheless by physical 
knowledge, consist in the fact that all these measurements 
correspond mutually and are coordinated with each other 

according to definite rules. More than this indeed knowl 
edge cannot achieve, but it cannot ask for more, if it un 

derstands itself. To wish to know the laws of natural 
processes independently of all relation to any system of 
reference, is an impossible and self-contradictory desire; 
all that can be demanded is that the content of these laws 
not be dependent on the individuality of the system of 
reference. It is precisely this independence of the acciden 
tal standpoint of the observer that we mean when we speak 
of the "natural" object and the "laws of nature" as deter 
minate in themselves. Measurements in one system, or 
even in an unlimited number of "justified" systems would 
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in the end give only particularities, but not the true "syn 
thetic unity" of the object. The theory of relativity 
teaches, first in the equations of the Lorentz-transforma 

tion and then in the more far reaching substitution formu 
lae of the general theory, how we may go from each of 
these particularities to a definite whole, to a totality of 
invariant determinations. The anthropomorphism of the 

natural sensuous picture of the world, the overcoming of 

which is the real task of physical knowledge,9 is here again 
forced a step further back. The mechanical view of the 
world thought to have conquered it, when it resolved all 

being and natural process into motion and thus put every 
where pure magnitudes in place of qualitative elements of 
sensation. But now it is seen that precisely the determi 

nation of these values, the measurements, which it applies 
to motions, are still bound to certain limiting presuppo 
sitions. Reflection on the manner in which we make em 

pirical measurements of space and time shows how anthrop 

omorphism reaches into this field that was thought with 
drawn from it in principle. It is, as it were, this earthly 
remainder still belonging to classical mechanics with its 

assumption of finite fixed reference bodies and motionless 

inertial systems, from which the theory of relativity seeks 
to free itself. The conceived unit of connection deter 

mined by a system of mathematical equations here takes 

the place of any sensuously given, and also sensuously 
conditioned, unit of measurement. As is seen, there is in 

volved here not a cancellation but a critical correction of 

the empirical concept of objectivity, by which a correction 
of our empirical spatial and temporal measures and their 
transformation into the one system of natural laws are 

gained. 

We are brought to the same outcome by consideration 
of the historical problems out of which the theory of rela 

? Cf. Planck (66) p. 6ff. and (67) p. 74. 
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tivity has grown. To give the propositions of abstract 

mechanics, especially the principle of inertia a definite phys 
ical meaning had been attempted repeatedly by trying to 

point out some empirical systems for which they would 

possess strict validity. But these attempts were all 

thwarted, in particular, by the discovery of the motion of 
the solar system and of the fixed stars ; to find a fixed and 
clear empirical meaning for the equations of the Galilei 

Newtonian mechanics, nothing remained save to postulate, 
with Carl Neumann, an absolutely motionless body a at 
some unknown place in space. But such a postulate of 

the existence of a particular physical object, a body which 
can never be discovered by observation, remains the strang 
est anomaly, from the epistemological standpoint. (8, p. 
238??. ) The absolutely motionless ether too, which seemed 
for a time to ofifer the lacking physical reference system 
of the Galilei-Newtonian mechanics, showed itself unsuited 
to this purpose ; since the negative outcome of Michelson's 

investigation the question seemed to be decided here also. 

At this point, as has been seen, the theory of relativity 
begins. It makes a virtue out of the difficulty into which 

philosophical thought had fallen in its attempt to find a 

particular privileged system of coordinates. Experience 
had shown that there is no such system, and the theory, 
in its most general interpretation, makes it a postulate that 
there cannot and must not be such. That, for the physical 
description of the processes of nature, no particular refer 
ence body is to be privileged above any other is now made 
a principle. "In classical mechanics, as well as the spe 
cial theory of relativity," says Einstein," a distinction is 
drawn between reference bodies relatively to which the 
laws of nature are valid and reference bodies K' relatively 
to which they are not valid. With this state of affairs no 

consistently thinking man can be satisfied. He asks : how 
is it possible that certain reference bodies (and their states 
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of motion) are privileged over other reference bodies (and 
their states of motion) ? In vain, I seek in classical mechan 
ics for something real to which I might trace the differ 
ence in the behavior of the body with reference to the 

systems of reference and '." (i8, p. 49.) In this 

argument from the principle of insufficient reason, the 

physicist seems to move on slippery ground. One is in 

evitably reminded of the argument of Euler, who thought 
that he proved the principle of inertia of classical mechan 
ics by explaining that, if a body changed its state of motion 

without the influence of external forces, there would be 
no reason why it should choose any particular change of 

magnitude and direction of its velocity. (23.) The cir 
cle involved here, namely, that "the state of motion" of 
a body is assumed to be a determinate magnitude, while it 
is only defined as such by the law of inertia itself, is 

easily seen. In Einstein's appeal to the "principle of rea 
son," there is doubtless invoked a more general and deeper 

epistemological motive. If we assume that the final objec 
tive determinations, which our physical knowledge can 
reach, i. e., the laws of nature, are provable and valid 

only for certain chosen systems of reference, but not for 

others, then, since experience offers no certain criterion 

that we have before us such a privileged reference system, 
we can never reach a truly universal and determinate de 

scription of natural processes. This is only possible if 
some determinations can be pointed out, which are indif 
ferent to every change in the system of reference taken as 
a basis. Only these relations can we call laws of nature, 
i. e., ascribe to them objective universality, whose form is 
independent of the particularity of our empirical measure 

ments of the special choice of the four variables xi, x2, 
x3, X4, which express the space and time parameters. In 
this sense, one could conceive the principle of the universal 
theory of relativity, that the universal laws of nature are 
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not changed in form by arbitrary changes of the space 
time variables, as an analytic assertion; as an explana 
tion of what is meant by a "universal" law of nature. But 

the demand, that there must in general be such ultimate 

invariants, is synthetic. 
In fact, it can be shown that the general doctrine of 

the invariability and determinateness of certain values, 

which is given first place by the theory of relativity, must 
recur in some form in any theory of nature, because it 

belongs to the logical and epistemological nature of such 
a theory. To start from the picture of the world of gen 
eral energetics?Leibniz, in establishing the law of the 
"conservation of vis viva,} as a universal law of nature, 
referred to this logical element in it. He first defines the 
vis viva of a physical system as a quantity of work; he 
determines that forces are to be called equal, when they 
are able to perform equal mechanical work, no matter 

what their properties may be in detail; thus if they pro 
duce an equal degree of tension in an equal number of 

elastic springs, raise an equal weight to the same height, 
communicate to an equal number of bodies the same amount 

of velocity, etc. In this definition it is assumed that meas 
urement of the vis viva by different systems of measure 

ment will give results equivalent to each other, and thus 
that forces, which, when measured by a certain effect, 
prove to be equal or in a definite relation of greater or 

smaller, will retain this same relation if we measure them 

by any other effect. If this were not the case, Leibniz 

adds, and did there result a different relation of forces 

according to the different effect which one uses as a meas 

ure, nature would be without laws; the whole science of 

dynamics would be superfluous; and it would not be pos 
sible to measure forces, for forces would have become 

something indeterminate and contradictory, quiddam 
va gum et absoniim. (42, III, 2o8ff. ; VI, 209!.; cf. 5, p. 
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305??.) The same process of thought has been repeated 
on broader physical lines in the discovery and grounding 
of the modern principle of energy. Here, too, the energy 
of a material system in a certain state was defined?e. g.f 

by W. Thompson?first as the amount of all the effects, 
expressed in mechanical units of work, called forth out 
side the system when the system passes in any way from 
its state into a definite but arbitrarily defined state of 

nullity. This explanation at first leaves it entirely unde 
cided as to whether there exists a determinate value of 
what is here called "energy," i. e., whether the results of 

the measurement of the amount of work of a system turn 

out the same or dififerently according to the method of 

bringing the system from the given state into a definite 
state of nullity. But that this determinateness in fact ex 

ists, that there always results the same amount of energy 
no matter what effect we use as the measure of work and 

what type of transition we choose, is precisely what the 

principle of the conservation of energy affirms. This 
affirms nothing else and has no other physically compre 
hensible meaning than that the amount of all the effects, 
measured in units of mechanical work, which a material 

system calls forth in its external environment, when it 

passes from a definite state in any arbitrary manner to an 

arbitrarily defined state of nullity, has a determinate value, 
and is thus independent of the type of transition. If this 

independence did not exist?and that it exists only expe 
rience can teach us?it would follow that what we called 

"energy" is not an exact physical determination; energy 
would not be a universal constant of measurement. We 

would have to seek for other empirical values to satisfy 
the fundamental postulate of determinateness. But it holds, 
conversely, that if energy is once established as a constant 
of measurement, it thus becomes a constant of nature also, 
a "concept of a definite object." Now from a physical 
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standpoint a "substantial" conception of energy can be 
carried through without arousing suspicion; energy can 
be regarded as a sort of "reserve supply" of the physical 
system, the quantity of which is completely10 determined 

by the totality of the magnitudes of the states, which 

belong to the system involved. From the epistemological 
standpoint, it must be remembered that such an interpre 
tation is nothing more than a convenient expression of 
the relations of measurement, that alone are known, an 

expression which adds to them nothing essential. The 

unity and determinateness of measurement can be imme 

diately understood and expressed as the unity and deter 
minateness of the object, precisely because the empirical 
object means nothing but a totality of relations according 
to law. It follows from this analogy from a new angle 
that the advance in "relativization" which takes place in 
the theory of relativity, represents no contrast to the gen 
eral task of objectification, but rather signifies one step in 

it, since, by the nature of physical thought, all its knowl 

edge of objects can consist in nothing save knowledge of 

objective relations. "Whatever we may know of matter," 

here, too, we can cite the Critique of Pure Reason, "is 

nothing but relations, some of which are independent and 
permanent and by which a certain object is given us." (34, 
p. 341; cf. M?ller's Trans, p. 232.) The general theory 
of relativity has shifted these "independent and perma 
nent relations" to another place by breaking up both the 

concept of matter of classical mechanics and the concept 
of the ether of electrodynamics; but it has not contested 
them as such, but has rather most explicitly affirmed them in 
its own invariants, which are independent of every change 
in the system of reference. The criticism made by the 

theory of relativity of the physical concepts of objects 
springs thus from the same method of scientific thought, 

10 In more detail in Planck (63) p. 92ff. 
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which led to the establishment of these concepts, and only 
carries this method a step further by freeing it still more 
from the presuppositions of the naively sensuous and "sub 

stantialistic" view of the world. To grasp this state of 
affairs in its full import we must go back to the general 
epistemological questions offered to us by the theory of 

relativity; we must go back to the transformation of the 

physical concept of truth involved in it by which it comes 
into direct contact with the fundamental problem of logic. 

Ernst Cassirer.* 

University of Hamburg. 

* This article is a selection from a translation of Professor Ernst Cas 
sirer's Zur Einstein'sehen Relativit?tstheorie. A translation of Professor Cas 
sirer's Sub stanche griff und Funktionsbegriff, with the whole of the former 
essay as a supplement, will be published in the course of the year by THE 
OPEN COURT PUBLISHING COMPANY as one volume under the title 
Substance and Function. The translators are W. Curtis Swabey, Ph.D., and 
Marie Collins Swabey, Ph.D. 
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